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EFFECT OF SURFACE TREATMENT ON RESIN BONDING
TO 3D PRINTED CO-CR DENTAL ALLOY

Rafik K.G Mina™'®

ABSTRACT

Objectives: The bond strength of resin cements to 3D printed Cobalt-Chromium alloys has not
been thoroughly studied.

The study compared three different surface treatment methods on the shear bonding of adhesive
resin cement to laser sintered Co-Cr alloy. The surface treatment methods were blasting with 30m
alumina chemically modified with silica (Cojet sand) for group A, fine 50xm and 110xm aluminum
oxide blasting for groups B and C respectively.

Materials and Methods: Thirty disk-shaped samples of 8mm diameter and 3mm thickness
were manufactured of 3D printed (laser sintered) Co-Cr alloy, then were wet ground with 200-
1000-grit silicon carbide abrasive then polished. Disks were divided to three groups according to
the selected surface treatment method. Self adhesive resin cement disks of Smm diameter were
bonded to the alloy samples with the aid of a Teflon mold following manufacturer’s instructions.
Bonded samples were thermocycled (2000 cycles between 5°and 55°C, 30 seconds dwell time) to
simulate fluctuation of temperature within the oral cavity. Then, shear bond test was performed and
mode of failure was inspected.

Results: debonding numericals were analyzed using one-way ANOVA followed by Tukey’s
post hoc test. The significance level was set at p<0.05 within all tests. Shear bond values were
greater when sandblasting with aluminum oxide was used (12.35+1.53 and 11.85+1.41) MPa,
compared with silica blasting (6.84+1.14) MPa. A combined failure mode (adhesive-cohesive)was

encountered at the resin cement —alloy interface.
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INTRODUCTION

In the past few decades, digitalized technologies
have been employed extensively in all aspects of
dentistry. The employment of CAD/CAM systems
has long been directly associated with the milling
of pre-manufactured materials. However, now
days, some CAD/CAM systems employ Laser
sintering either, direct laser melting (DMLS) or
selective laser sintering (SLS) for the production of
polymeric, ceramic as well as metallic restorations,
aiming to avoid the distortions inherent to casting
procedures. (¥

Over the years cobalt-chromium alloy have been
extensively used in fabricating multi-unit fixed
partial denture frameworks or superstructures for
dental implants. Their excellent corrosion resistance,
biocompatibility and strength have demonstrated
a remarkable level of versatility and durability.
However, they are more difficult to be manufactured
via lost wax technique, as casting inaccuracy may
occur as a result of their high melting range and
tendency to oxidize.®

Sintering is a method used to create objects from
powders, its effects are based on diffusion of atoms,
which takes place at elevated temperatures. During
sintering, the atoms in powder particles diffuse across
particle boundaries; this fuses the particles together
to create a single solid piece.!” DMLS employs a
high-power laser source (a Ytterbium-Fibre-Laser
with a nominal output of 200 W) that fuses alloy
powder into a solid mass. The restoration is built up
in layers, from the occlusal surface to the margins
by scanning cross-sections from a 3D CAD file, that
comprises the proposed restoration configuration,
through the digitization of the selected abutment
tooth or teeth. So, the step of definitive impression
is not required. Moreover, porosity that are common
with conventional casting is no more encountered,
since up to 100% density can be achieved. Metal
powders of titanium alloy or cobalt-chromium (Co-
Cr) alloy are used by a commercial laser sintering
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system EOSINT M (EOS, Munich, Germany). !

The bond strength of resin cements to dental
restorations is essential, because of its influence
on micro leakage, biologic complications, and
survival ©. Bonding between an alloy and a resin
cement occurs through micromechanical and chem-
ical retention phenomena. Increasing the roughness
on the alloy surface provides the micromechanical
retention, while a chemical reaction is believed to
occur between the surface metal oxides and acid-
ic functional monomers of the metal primers and/
or resin cements. This allows the luting cement to
penetrate and flow into such micro-retentions via in-
creasing the metallic surface area available for bond-
ing, in addition to increasing the surface energy of
the treated surfaces. In this regard, sandblasting has
been described to be beneficial. ©'? Earlier stud-
ies reported that 4-Methacryloyloxyethyl trimellitic
anhydride resins exhibit superior bonding to CoCr
alloy, with different surface treatment methods.*'¥

Generally, an oxide layer is readily available
on the surface of base metal alloys. It has been
concluded that the technique of alloy construction
can affect the structure and thickness of this layer,
which is essential for bonding. Hence, milled or
laser sintered alloys may differ from cast alloys
in their bonding characteristics to resin cements.
Different surface treatments have been advocated to
enhance bond strength of resin to metal alloys, such
as sandblasting, tin plating, silica coating, with or
without metal primming .'>!'® Few information are
available on the bonding performance of adhesive
luting agents to laser sintered Co-Cr alloy 7% .The
objective of this in vitro study was to evaluate the
shear bond strengths of resin cement bonded to 3D
printed (laser sintered) Co-Cr alloy after different
surface treatments. The null hypothesis was that
tribochemical coating would contribute to higher
shear bond strength of resin cement to laser sintered
Co-Cr alloy as compared to alumina particles
blasting.
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MATERIALS AND METHODS

A total of 30 disk shaped samples were
constructed. A specially designed split Teflon
mold was constructed (3mm in height and 8mm
in diameter), within which, a self-cure composite
(Concise, 3M, St Paul, Minn) was packed to produce
disk shaped sample . Two glass slides were placed
as base and top of the open end mold to ensure
smoothness of the obtained disk. The disk was then,
transferred for the construction of the laser sintered
cobalt-chromium alloy disks. The composite disk
was secured to a scanning peg with wax. The peg and
disk were inserted into the Sirona inLab scanning
chamber (Sirona InfiniDent Dental Systems GmbH,
Germany), where they were scanned automatically.
The inLab software recorded the data and displayed
an exact 3D image of the disk on the monitor;
the software then, automatically proposed a 3D
design, the data was transmitted for fabrication on
a specialized 3D RPMP. A special version of Co-Cr
superalloy called EOS Cobalt Chrome SP2 powder
(62-66%Co, 24-26%Cr, 5-7%Mo, 4-6%W and >1%
Fe, Mn, Si) was used. The laser (nominal output of
200 W) immediately starts production layer upon
layer. When fully fabricated, the finished disks were
degassed for 5 minutes in a traditional furnace at
980°C. The oxide formed during the degassing
process was removed using 250-pym aluminous
oxide. Disks were subjected to the high temperature
treatment used in ceramic covering without
deposition, then the disks were steam-cleaned.
After simulated firings, each disk was secured
within a copper holder with three screws to ensure
a protruding surface of 1mm of the proposed fitting
surface to be polished. The top of all disk specimens
was subjected to metallographic grinding with a of
silicon carbide abrasive papers (200-1000 grit size)
under copious water rinsing in a grinding/polishing
machine (Ecomet III; Buehler, Lake Bluff, IL,
USA). The final polish was accomplished with
diamond polishing compound with two different
particle sizes. All disks were ultrasonically cleaned
in a 70% alcohol bath for 3 min.

(2883)

Disks were divided into three equal groups
(n=10). The bonding surfaces were subjected to
three surface treatments, Group A: blasting with
30pm grain size aluminum oxide, chemically modi-
fied with silicic acid, Colet-Sand (ESPE, Seefeld,
Germany) control group. Group B: sandblasted
using 50um aluminum oxide particles (Bego, Bre-
men, Germany) and Group C: sandblasting using
110gm aluminum oxide particles (Bego, Bremen,
Germany). Sandblasting was performed vertically
for 15 sec with 2 bar pressure using an intraoral
sandblaster (Dento-Prep, Daugaard, Denmark) at
10mm distance from the blasting tip, simulating the
treatment of the restoration’ fitting surface®.Disks
were ultrasonically cleaned in deionized water to
remove any loose blasting particles and dried using
absorbent paper. Custom-made teflon mold with an
internal diameter of 5 mm and thickness of 2 mm
was centered on the surface of the alloy specimens.
Resin cement Super-bond C&B were applied within
the mold after they were manipulated according to
the manufacturer’s recommendation. Super-Bond
C&B is a self-cure adhesive resin cement that em-
ploys “4-META” (4-methacryloxyethyl trimellitic
anhydride) as a diffusion promoter and “TBB” (tri-
butylborane) as a polymerization initiator.

Shear bond strength testing

Bonded assemblies were stored in an incubator
at 37°C for 48hrs +2hrs, then were subjected to
2000 thermal cycles between 5°C and 55°C, with
a transfer time of 30 seconds and a dwell time of
30 seconds . After thermocycling, the specimens
were stored at 37 degrees °C distilled water for an
additional 48 hrs.

For shear testing, a material testing machine
(Model LRX-plus Lloyd Instruments Ltd, Fareham;
UK) with a load cell of 5kN using a specially
constructed testing chisel. Shear bond strength
was determined by shear mode of force, which
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was applied at the alloy-resin cement interface at a
crosshead speed of 1mm/min till debonding %

Data were recorded using computer software
(Nexygen-4.1; Lloyd Instruments). Loads were
recorded in Newtons. The load at failure was divided
by the bonding area to express the bond strength in
MPa.

s N
Acrylic mold
Resin composite /
CoCr Alloy
N\ J

DIAGRAM (1): schematic presentation of the bonded assembly
for shear testing
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According to ANOVA results of shear bond
strength measurements revealed a statistically
significant difference between silica coating and
alumina blasting (with different grits) However, no
statistical significant difference was found between
bond strength values obtained for 50 ym or 110 gm
Al O, sandblasted surfaces, as shown in Tables 1
and 2, and fig 1
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Fig. (1): Mean shear bond strength values of resin cement
to laser-sintered Co-Cr alloy with different surface

treatments
Shear bond strength
TABLE (1) Des: riptive statistics
95% CI
Group Mean SD Minimumm Maximum
Lower Upper
Group (A) 6.84 6.00 7.69 1.14 5.11 7.94
Group (B) 11.85 10.80 12.89 141 10.21 14.40
Group (C) 12.35 11.22 13.48 1.53 10.12 14.21
95% CI= 95% confidence interval for the mean; SD = standard deviation
TABLE (2) Intergroup comparisons and summary statistics of shear bond strength values (MPa)
Shear bond strength
[f-value p-value
Group (A) Group (B) Group (C)
6.84+1.14B 11.85+141A 12.35+1.53C 34.75 <0.001°*

Means with different superscript letters within the same horizontal row are significantly different,

*significant (p<0.05)
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DISCUSSION

Alloy laser sintering became the topic of inter-
est for researchers, for the manufacturing of dental
metallic restorations. Most earlier studies on selec-
tive laser sintering have focused on Co—Cr dental
alloys?. Some studies have focused on the evalu-
ation of the marginal and/or internal fit of the res-
torations®'? -whereas others have tested the bond
strength with dental porcelain®®?¥ internal poros-
ity® and effect of surface treatments on micro-
roughness®. However, their clinical behavior
is still needed to be investigated. Differences in
the manufacturing between conventional cast-
ing and laser sintering of a fine metallic powder
can involve large differences in microstructural
characteristics ®®. Few studies have been under-
taken to evaluate this new technology as regard to
bonding with dental cements Therefore, the strength
of resin cement bonded to laser sintered Co-Cr was
evaluated.

In this study all samples were subjected to por-
celain firing cycle to simulate laboratory procedures
done for metal —ceramic restoration. Previous study
showed variation in thickness of the oxide layer
between laser-sintered and cast Co- Cr alloy while
studying their bonding to porcelain®. They attrib-
uted their finding to variation in the percentage of
oxides on the tested alloy surfaces, as influenced by
manufacturing technique, which consequently, dif-
ferentiate the interfacial characterization of metallic
elements at the metal surface. On the other hand,
Thermocycling was done to simulate oral condition
where, thermal stress derived from the variation in
thermal expansion coefficients between the resin
and the metal can weaken the adhesive junction.
This considered a useful method for pre-clinical as-
sessment of bonding durability. According to earlier
studies (21417 | the effectiveness of the bond be-
tween dental cements and metal-ceramic resto-
rations is critical for retention, as well as mainte-
nance of a durable marginal seal and prevention of
microleakage.
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The resin cement used in this study, Super-
Bond C&B was selected as it was verified that its
component 4-META/MMA resin bonds to non-
precious dental alloys (Ni-Cr alloy, Co-Cr alloy, as
well as stainless steel). It is believed that bonding
is due to the reactivity of 4-META with the surface
layer of chromium oxide “”. The selected adhesive
cement was bonded to the sintered alloy without
priming, as this might have influenced the obtained
results.

Chemical reactivity is among the most important
advantages of dental base-metal alloys, which
enables them to bond directly to dental cements:
To create a reliable bond between the metallic
restoration and the adhesive resin, good wetting
must take place and the stresses at the interface have
to be minimum.?” Silica coated (Group A) was
selected as a control group due to its fine particle size
(30 xm) making its abrasion rate to be much lower
than conventional abrasives. Many investigators
suggested that even fine crown edges can be treated
via this technique with no damage. %19

Among the conditioning methods applied,
sandblasting with Cojetsystemshowedasignificantly
lowest shear bond strength, as compared to the other
tested groups. This finding can be partly attributed to
the method of manufacturing. During laser sintering,
the skin region of each powder particle was totally
melt by the laser and underwent rapid solidification.
This resulted in compact structures with small grain
size ® . As in the case of densely sintered ceramics,
the higher density and lower porosity of sintered
materials render them more resistant to chemico-
mechanical treatments ®®. During sandblasting with
Cojet sand, the force of impact causes the Al O, to
bounce back off the surface leaving a layer of silica
behind, on the metal surfaces. However, this surface
treatment method did not represent an advantage
when applied to the alloy surface, since it did not
increase the adhesive bonding of (group A), despite
enriching the surface with silica. An explanation
for this behavior may include the existence of poor
chemical affinity between silica particles and cobalt
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chromium alloys thereby, preventing complete
wetting of the metal surface® or the presence of
air pockets, which served to weaken the bond
joint as a claimed by other investigators 3. In
addition, other explanation could be related to the
sandblasting pressure applied, or even to the low

grit-size used. *3233),

Air abrasion of alloy surfaces resulted in
micro-roughening, through changing the surface
texture. The large grit of aluminum oxide particles
used in blasting might have affected surface
topography®-?. Results of this study revealed a
significant increase in shear bond strength of (group
B& C) after alumina blasting, as compared to control
group A, as shown in figl. The shear bond strengths
obtained from both grit sizes (50 ym and 110 gm)
was not significantly different indicating that their
mechanical roughening effect positively enhanced
the wettability of the surface, that is required to
optimize the chemical integration between the alloy
surface and cement layer thereby, providing high
bond strength at the interface. This was in accordance
with the former study by Eldemellawy M®*- who
found no statistically significant difference between
the mean surface roughness values of laser sintered
Co Cr alloy surfaces sandblasted with both 50 and
110 gm aluminum oxide particles.

The insignificant mean value of shear bond
strength between the two groups may be due to
almost equal enrichment of their surface by Cr, and
the mild variation in the percentage of alumina in
between®?.

Shear bond strength values after sandblasting
with both grits of aluminum oxide (50pym and
110um) were in agreement with those in former
reports®**Y where bond strengths obtained from
both grit sizes were not significantly different for
the tested alloys. On the other hand, the presence
of reactive surface oxides, embedded aluminum and
silicon as well as 4-META resin component partly
account for the combined adhesive —cohesive mode
of failure of the debonded samples.
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CONCLUSIONS

Within the limitations of the present study it was
concluded that

1. Aluminum oxide blasting is considered the
conventional, yet effective surface treatment
method for laser sintered Co-Cr alloy to enhance
resin-alloy bonding.

2. Silica coating as a surface treatment for laser sin-
tered dental Co-Cr alloys should be re-evaluated.

REFERENCES

1. Akova T, Ucar Y, Tukay A, Balkaya MC, Brantley WA.
Comparison of the bond strength of laser-sintered and cast
base metal dental alloys to porcelain. Dent Mater 2008;
24:1400-1404.

2. Kovalev Al, Vainshtein DL, Mishina VP, Titov VI, Moi-
seev VF, Tolochko NK. Selective laser sintering of steel
powders to obtain products based on SAPR-models. Met-
allurgist 2000; 4:206-209.

3. UcarY,Akova T, Akyil MS, Brantley WA. Internal fit eval-
uation of crowns prepared using a new dental crown fab-
rication technique: laser-sintered Co-Cr crowns. J Prosthet
Dent 2009; 102: 253-259.

4. Wang XC, Laoui T, Bonse J, Kruth JP, Lauwers B, Froyen
L. Direct selective laser sintering of hard metal powders:
experimental study and simulation. Int J Adv Manuf Tech-
nol 2002; 19: 351-357.

5. 5.Iseri U, Ozkurt Z, Kazazoglu E. Shear bond strengths
of veneering porcelain to cast, machined and laser-sinterd
titanium. Dent Mater J 2011; 30: 274-280.

6. Tara MA, Eschbach S, Bohlsen F, Kern M. Clinical out-
come of metal-ceramic crowns fabricated with laser-sin-
tering technology. Int J Prosthodont 2011; 24: 46-48.

7. Quante K, Ludwig K, Kern M. Marginal and internal fit of
metal-ceramic crowns fabricated with a new laser melting
technology. Dent Mater 2008; 24: 1311-1315.

8. Ot’torp A, Jonsson D, Mouhsen A, Vult von Steyern P. The
fit of cobalt-chromium three-unit fixed dental prostheses
fabricated with four different techniques: A comparative in
vitro study. Dent Mater 2011; 27: 356-363.

9. Barclay CW, Spence D, Laird WR, Marquis PM, Blunt L.
Micromechanical versus chemical bonding between CoCr


http://www.ncbi.nlm.nih.gov/pubmed?term=Barclay CW%5BAuthor%5D&cauthor=true&cauthor_uid=17022056
http://www.ncbi.nlm.nih.gov/pubmed?term=Spence D%5BAuthor%5D&cauthor=true&cauthor_uid=17022056
http://www.ncbi.nlm.nih.gov/pubmed?term=Laird WR%5BAuthor%5D&cauthor=true&cauthor_uid=17022056
http://www.ncbi.nlm.nih.gov/pubmed?term=Marquis PM%5BAuthor%5D&cauthor=true&cauthor_uid=17022056
http://www.ncbi.nlm.nih.gov/pubmed?term=Blunt L%5BAuthor%5D&cauthor=true&cauthor_uid=17022056

EFFECT OF SURFACE TREATMENT ON RESIN BONDING TO 3D PRINTED CO-CR DENTAL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

alloys and methacrylate resins. J Biomed Mater Res B
Appl Biomater. 2007; 81(2):351-7.

Dundar M, Ozcan M, Co 'mlekoglu ME, Gu'ngo'r MA.
A preliminary report on short-term clinical outcomes of
three-unit resin bonded fixed prostheses using two adhe-
sive cements and surface conditioning combinations. Int J
Prosthodont. 2010; 23:353-360.

Moulin P, Degrange M, Picard B. Influence of surface
treatment on adherence energy of alloys used in bonded
prosthetics. J Oral Rehabil 1999; 26:413-21.

Kern M, Thompson VP. Sandblasting and silica-coating of
dental alloys: volume loss, morphology and changes in the
surface composition. Dent Mater May, 1993; 9:155-61.

Yoshida K, Matsumura H, Atsuta M. Monomer compo-
sition and bond strength of light-cured 4-META opaque
resin. J Dent Res 1990; 69:849-51.

Kern M, Thompson VP. Durability of resin bonds to a co-
balt chromium alloy. J Dent 1995; 23:47-54.

Yanagida H, Tanoue N, Ide T, Matsumura H. Evaluation
of two dual-functional primers and a tribochemical surface
modification system applied to the bonding of an indirect
composite resin to metals. Odontology 2009; 97:103-8.

Hansson O, Moberg LE. Evaluation of three silicoating
methods for resin-bonded prosthesis. Scand J Dent Res
1993;101: 243-51.14.

Ozcan M, Pfeiffer P, Nergiz 1. A brief history and current
status of metal-and ceramic surface-conditioning concepts
for resin bonding in dentistry. Quintessence Int 1998;
29:713-24.

Zamzam M and Naguib HA .: Cement bonding to laser sin-
tered Co-Cr alloy. Egyptian Dent J. 2008, 54:289-298.

Mutlu Ozcan. The use of chairside silica coating for differ-
ent dental applications: A clinical report. J Prosthet Dent
2002; 87:469-72.

Castillo-Oyague R, Lynch CD, Turrion AS, Lopez-Lozano
JF, Torres-Lagares D, Suarez-Garcia MJ. Misfit and mi-
croleakage of implant-supported crown copings obtained
by laser sintering and casting techniques, luted with glass-
ionomer, resin cements and acrylic/urethane-based agents.
J Dent 2013; 41:90-6.

Traini T, Mangano C, Sammons RL, Mangano F, Macchi
A, Piattelli A. Direct laser metal sintering as a new ap-
proach to fabrication of an isoelastic functionally graded

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2887)

material for manufacture of porous titanium dental im-
plants. Dent Mater 2008; 24:1525-33.

Castillo-Oyague R, Osorio R, Osorio E, Sanchez-Aguilera
F, Toledano M. The effect of surface treatments on the mi-
croroughness of laser-sintered and vacuum-cast base metal
alloys for dental prosthetic frameworks. Microsc Res Tech
2012; 75:1206-12.

Takaichi A, Suyalatu, Nakamoto T, Joko N, Nomura N,
Tsutsumi Y, et al. Microstructures and mechanical proper-
ties of Co—29Cr—6Mo alloy fabricated by selective laser
melting process for dental applications. J Mech Behav
Biomed Mater 2013;21:67-76.

Hiroyuki M., Takuo T. History and current state of metal
adhesion systems used in prosthesis fabrication and place-
ment. Journal of Oral Science, Vol. 55, No. 1, 1-7,2013

Traini T, Mangano C, Sammons RL, Mangano F, Macchi
A, Piatelli A. Direct laser metal sintering as a new approach
to fabrication of an isoelastic functionally graded material
for manufacture of porous titanium dental implants. Dent
Mater 2008; 24:1525-1533.

NaguibHA and ElDemellawy M. surface topography
and surface roughness of laser sintered CoCr alloy. EDJ
2016;62:2581-2586

Freitas A and Francisconi PA. Effect of a metal primer on
the bond strength of the resin-metal interface. J Appl Oral
Sci 2004; 12(2):113-6.

Lawrence Mair and P. Padipatvuthikul. Variables relat-
ed to materials and preparing for bond. Dental materials
2010; 26: el17—-€23.

Sun R, Suansuwan N, Kilpatrick N, Swain M. Character-
ization of tribochemically assisted bonding of composite
resin to porcelain and metal. J Dent 2010; 28:441-445.

Jost-Brinkmann PG, Bohme A. Shear bond strengths at-
tained in vitro with light-cured glass ionomers vs com-
posite adhesives in bonding ceramic brackets to metal or
porcelain. J Adhes Dent 1999; 1:243-53.

Nergiz I, a Petra Schmage, Wolfram Herrmann and O”
zcan M. Effect of alloy type and surface conditioning on
roughness and bond strength of metal brackets. Am J Or-
thod Dentofacial Orthop 2004;125:42-50

Shafiei F, Behroozibakhsh M, Abbasian A and Shahnavazi
S. Bond strength of self adhesive resin cement to base
metal alloys having different surface treatments. Dental
Research J, vol 15, 63-70,2018


http://www.ncbi.nlm.nih.gov/pubmed/17022056
http://www.ncbi.nlm.nih.gov/pubmed/17022056

(2888) E.D.J. Vol. 69, No. 4

33.

34.

Nima, P. V. C. Ferreira, A. B. d. Paula, S. Consani, and M.
Giannini, “Effect of metal primers on bond strength of a
composite resin to nickel-chrome metal alloy,” Brazilian
Dental Journal, vol. 28, no. 2, pp. 210-215,2017.

El Demellawy MA: Effect of surface treatment on bond
strength of resin cement to laser-sintered Co-Cr alloy.
Egyptian Dent J 2014; 16(2).621-628.

Rafik K.G Mina

35. Vini Rajeev, Anjana S, Rajeev Arunachalam, Shan Sainu-
deen, Sivadas Ganapathy, Vaishnavi Vedam. A compara-
tive evaluation of the effect of various surface treatments
on the bond strength of ceramic fused to direct metal laser
sintered cobalt chromium alloy- an in-vitro study. Euro-
pean Journal of Molecular & Clinical Medicine;2020,(8)
2515-1521.



